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^MIi3 

VT17 start CLR L M2 E2S 


VT08 RESP H HI 

M113 

VT02 OB07 1 1 )H J1 E26 


VT17 start CLR H 

I miis^Vk] 


VT04 PARAB? L OZJ \ 

M112 \ T2 

VT02 DBIB I ML E2r«J E28 J 


VT02 DBlt M )H F2 

12 Vf2 £2 


VT08 RESP L Rl^ 

^ Ml 12 

VT02 DB07 t0)L Bl^ E28 


01 V ^ 
IM1 12 
El ] E28 


J2 VT04 EDGE FLAG EN M )H 


K2 VT04 EDGE FLAG CN (0)H 



‘ < si ' "s ' 


i^lTuSECONa'Ti0fy«O2EL 

PDP-15 

UNLESS OTHrPWtSE SPECIFIED DRN.-.^ y> . |OAT£ 
UNLESS OTHERWISE SPECIRED v g ™ 

OIUEttStON m INCHES T / , 7. 

TOLERANCES gifE ' 

Dccnuu noiCTiow mgixs 
ft .005 s I/M ft 0*30- /• ■■ 

J PROJJNO, DATE 

Raiovc sums ano nun sha» 

cawtNCRS PROD. DATE 

MATE/ilAL ^ ^ \£xf «tCinEK A 1 , 

^ A-ML-VT 15-0 

RMiRM . i «;rALE NrvMF 


TITLE ^ 

parameter 2 


SQElCOOEj NUMBER j 

• D ES VT I 5 -0-04 E 




















Tl»f Criwinc tntf t^uRc«bor». hartin, lf« pn>v 
■itr of ChrU Corpentiw M »h«l nM m 

ntinvIusM or C0M> or utM tn atirtc or M Mrt «i 
&**»* *o« thi m«njjlKaur« «r tM ai nmm amnui 


VT06 20 H R1 -V r-S^-ni 

VT07 START CYCLE H ~~bT ....■A V-^ ” 

VT02 D604 ( 1 )H Cl ”11? .-1-^1, q/ E26 ^ 

VT02 OB05 (0IH ~~Dr~ J ^ 


VT18 8US00 H D2 I N. 

M113 V v F2 

VT3I IDT SIC H tZ ■ C20 


VT0S PRRR03 H H2 


. VT05 PfiRR03 L 


mi3 Vn K2 HI \ 

VT02 DB10 n )H J2 E20 M 

+3vci4ui H I— ✓^vTee resp l ji E 20 / 

I ' ^ . ■ ] El VT05 LINE00 ( 1 )H 


VT02 DB11 1 1)H C 
3 ^ K1 B 


VT05 PRRH03 H Pt 


VT08 RESP L fli . 


Mi 13 V n n B1 E20 

VT02 D6tS ( UH Ei E20 P Qf ^ 


VT02 DB16 n )H Cl 


|M1J3 \ Ci 


[c^0l£1_VT05 LINE00 (0)H 


VT18 BUS01 H LI 


Jfll VTia 8 PMR CLR L VT3T lOT SIC H Mi I ”e20 P~^ 



VT02 BDB17 H 


VTI8 BUS 13 H r?-j \ 

VT3I lOT SIC H ^ A \ „„ 

^]NH 2 I VP£_ 

p I A I / 

VTI8BPWRCLRH rr4-l V ^ i 

♦3VCI4UIH 7 I 

Irz 

VT„S LI>-E0, < 1 >H „,3 3^333 3 

• M113 V n S2 

'H206 SIC H R2 E18 


VT02 DS12 I IJH 

\ JJ 


Ic 0 I "*2 VT05 LINE0I (0)H 


-Cl VT05 STOP INTR EN ( 1)H 


n VT0S STOP INTR EN (01H 


VT02 DB13 I UH I F2 



Mi VT05 LP INTR EN ( 1 )H 


Ji1_ VT05 LP INTR EN (0)H 


J2 VT05 EDGE INTR EN M )H 


VT37API REQ(I)L 



M2 VT05 INT RQ L 


VT0S STOP INTR EN t UH _N2 
VT03 STf-» PLflG ( ! )H 


VT0S LP INTR EN (1 JH 
VT12 LP TLAG (t )H 


VT05 EDGE INTR EN M )H 
VT17 EDGE FLAG ( 1 )H 


VT05 PB INTR EN t IJH 
VT£5 PB FIND H 






VT17 EXT STOP (1 )H _.U2 
VT17 EXT STOP EN M JH 


n 


I T2 V TB5 DSPLV INTR t 


VT05 DSPLT INTR H 


K2_ VT0S EDSE INTR EN I0)H 


VT05 LINE 90 i0) L 
VT05 LINE 01 (0) L 



MII2 '' 

— AJ-C 

Fll 


-VT05 SOLID H 


VT18 BUS03 H T2 N. 

Ml 10 Vi_y2 
VT31 lOT SIC H U2 EI8 P"^ 


R0 VT05 PB INTR EN M !H 

VT02 DBM 11 IH N2 

M20S 

M2 

C 2 52 VT05 PB INTR EN I0IM 

U 

VT18 B PHR CLR L L2 


11 - 


* Sj^ J 

tJ N i S. I O 



ON TiON/KDOtL 

P-!5 


UNUSS OTHCftWiSE SPCCIFiEO 
OHftMsnM m MCMCS 

TOLERANCES 

K0UAU ntAcnoMs amous 

* 1 /** - PTO- 

ACC OUAUTf y 

n Am atcAx »urp 
o«Ntm 




Tv- 

CHAO. p 

DATE 

>- /to. ptf 

EN5. :-/ 

DATE 

PROi.£N% 

t' '-<r 

PROO. , 

DATC 

DATE 

^ T M -M* A . T 

A-?v 1L-VT)5- 

a 

SCALE UVii 

S'lrtT ; OF 1 


PfM E Q'U I P M E N T 
rTi^l CORPORATION 


PARAMETER 


ilitjCOOU NUM8ER ^ 

D VTI 5 - 0-05 


























8 


7 


e 


b 































































































8 


7 


G 


5 


pVTiZ'A CLK DLY 75 NS L 

J1 K1 1l 1 Ml ^ . 


W BMS03 

H 

Cl 

VT07 CLK 

H ; 

Dt 



El 

♦3V H10VI 

H J 

F! 


M31 1 W HI 
H08 


p|RT|Sl|Ul(V1 

VT06 04 H PI -V .CLK OLY IC(JnSL 

VT02 8DB04 H R1 Ml IS V , U1 VT08 CHST I SFT I 

V’^S vce: • CLK DL> lii \S H — , S' J'6 H ] 


VT06 60 H K1 X 

VT02 DB03 IIIH_ LI MllS V N1 VT08 JWSV JMSI L 
Ml J16 P 


VT08 

SET 

REQ01 

L 

-LLrr 

VT08 

SET 

REO02 

L 

HI ^ 

VT09 

SET 

REO03 

L 

ji ^ 

VT09 

SET 

REQ04 

L 


VT08 

SET 

REQ0S 

L 

l<2^. 

VT09 

SET 

REQ0& 

L 

Zkl]^ 

VT09 

5ET 

REQ 07 

L 

M2 

VT37 

IWIT 

LOAO 

L 



V ,/2 

LZ J F)l 


Vcl . 

VTft fiBR V£C OP Donz L P 


■ VT9B SET PEC i 


VT08 JMPI SET L __D2q^ p j E2 VT08 JMPl 1 1 IH 


K T08 SET PEO H 



VT08MS03.CLK DLYI2SNSH 


VT06 60 H_ R2j -- 

VT02 DB03 (01H S2 \ 

VT02 BDB04 H ~2 ”1!? Vv-!i2 VT08 JMP I SET L 

IIP F 16 


VT06 24 H El L 

VT02 0804 t0)H_ ^1 ~ Mils V J1 VT08 SRVE SET I 
HI J16 H 


VT06 24 H B1 X 

VT02 BDB04 H B1 M11S V 01 VT08 RESTORE SET L 


LI J Mill K I V T e F MiBj.CLK 

n *3® “LT :cc H 


<M119 \ V2E2 

H10 


vxas PC -ADR H L2, 


VT^»6 L 

VTU ABR VU OP [)0N£ L — J 


_VT08 S£T REQ01 L 


VT09 ClR L K 2^ 

VT08 RESTORE t 1 )H H 2 \ 

VT07 STPRT CYCLE H J2 | ^H12 , 


LI VT0S JMPI (0JH 


+ 3V CI7. I - 

1 ^. 

^ M6I7 

t^2 VT08 RESP 1. 

^M2 ^ 



- VT08 RESP H 


~TT] '^6’^ V>_SI VT08 DB-PDR H 


1+3V H10V1 H 


Pt . 

VT09 CLR L FDI j 


VT08 

END 

TIME H LI ^ 


H? 

Ml 13 

— <v S 1 

M203 


LyT08 restore C 

H03 



— E^cIr 0 

J2 

_VT08 RESTORE I0IH 


1M627 \ El I V T08 PC-RDR H 

jf E06 ■ 


VT08 CHST I SET L D1 , 


Ml 1 3 VlV 2 

VT07 XFER H U2 626 P"^ C 


nM113 \_C1 

VT09 lOPS flocn MIL 81 Mx/ 022 y 


VT08 JMS SET L 02 ^ \ \ 

VT08 SAVE SET L EFS^MIIS \ H2 Cl 


W El VT08 INST INHIBIT L 
Cl 3 / 


^ VXUVT08 CHRRST I n)H 

_E]_W *^12 / 


^ ^M113 \ j<ll VT08 CHARST f {0JH 

VT09 CLR L J1 HI2 y 


VT08 JMSV JMSI L 02^ 


F2 T2 I X 

I M113 V x V2 
U2 I H12 r 


_VT08 JMS SET L 


_V2q-g p | VI VT0S JMS ( 1 IH 


1/T37 0«T« PtCCEPT 
VT17 STe,RT CLR >1^ 


j- j Cl VT08 IN ( 1 IH 




VT08 SAVE SET l ri. 


- K1 VT08 STATUS. IN ( 1)H 


VT02 0604 CBlH 


VT09 CLR L Ml^ 


R1 VT08 JMS f0 )H 


VT07 MS03 f 1 IL Lip l ^ 

H Mtl2 \ N1 VT08 END TTMF H 
VT07 CLK L M1^ J13 j 


VT03 CLR L Bl^ p. g I 01 VT08 STATUS, IN f0)H 


_VT09 SET REO02 L 


Re 

se 

M>37^ 


>02 

Ci4 

r fl£7 


VT02 BDB04 H R2 \ HI 2 


ALT~^ 

) '^'i2 X-p__U2( 

VTl? START CLR H 




I PI 


L- 




n- ”’ii' 

D-SJ 

HZ-r 

J H12 / 

k: s I 

M203 

H09 


1 VT08 JMSI ( 1 IH 




^ R 0 

M? 

. VT08 JMSI t0JH 







120-t p R2 VT08 PC IN M IH PI I V 

Ml 13 \ x S* VT08 PC IN CY L 
VT37 ENA n IH Rl R0S 
M203 y 

M09 




S2 VT08 PC IN ( 0 JH 


a> S i Si l| - N k> ft 

itil- T? 


gF- , cs 

$ _ '! ;kiLT ,• -■ N>, I i, 

mi W ' 
8 • 


ml 


1^ LiJ 



j 





^ K> 

1 

Q . O ,? 

O J 

. n'i ^ 

<1 



* i? 


^ > 

ill 

\ -i 



i 


nps^i/iio ON optiohmoou. 

QTY. 

DESCRIPTION PART NO. | j 




PARTS LIST 1‘ 

USLE5«i OTHERWiSf SPECifiED 


DATE 
I ri7/7 


RMEItSION m INCHES 

CHH'O. . 

DATE 

UyygjyitglU 

TCLTRANCES 

KClUALS flUCTlOMS ANCLES 
a.J»i X l/M X Q’» 

irta. - ^ . 

DATE 

title 

mu. SiHtrACC QUAUTr ^ 
tUKntt turns AND tKAK SKAllP 

PftOJ. ENG. ^ 

J— :..<g 

DATE 

CONTROL 1- 

MATERIAL 

— ^-li 

NEXT HIGHER SS& 

A-M\ - 

Y. 

7' 

TIMING If 




SIZE CODE number” ^ 

FINISH 

SCALE • . T 

D BS VTI5-C-0S i E 


SHEET 1 OF 1 

I I 1 II 1 ^-1 1 1 ~1~ 
















VT06 60 H J2 
VT02 DSe-t (0JH K2 Ml 15 
VT02 DB03 10IH L2 J16 


VT08 END TIME H PI 


VT08 JMS n )L T2 A \ 

— HI 13 X V2 VT09 SUBRUT H 
VT09 JMSI CY2 mt U2W H11 y 


PI 


RI 

Ml 13 
HI 1 





P2 

S 

R2 

Ml 13 
HI 1 


X 


VT^ CHST SET PC L Ng A ^ 
VT08 jMPI I 1 )L P2V Ml 15 
R2 >d J16 


S2 VT09 REPT 0-4 L 
VT07 BMS03 H 



A1 

S 

B1 

Ml 13 
H12 


> 



T2 


U2 

V2 

Mils 

F17 




VT08 STATUS IN (1 )H L2 

Ml 13 

VT37 data ACCEPT H M 2 H11 


El VT09 SET PC REG H 


Cl VT09 SET PC REG L 


VT09 SET REQ0^ L Cl ^ 
VT08 SET REQ05 L ""pTp 
VT17 START CLR L ~~D^ 
VT18 B PHR CLR L ~E2^ 
STJ-PT VEC L 


K2 L2 M2 N2 P2 


■2 S2rT2lU2|V2 

VT09 CLR L 

— VT04 CLR START GEN L 


VT09 SET REQ06 L 


VT^a OMS 0) - 

VT06 04 H P2 I 

Ml 13 

VT02 D604 (01H R2 0l9 


VT^8 CHAftST I (i)l 


^ /yfii3 


M113 1 

J 

S2 ni 

019 J 




VT07BMS0^ H 
YT&7 C/A ^ H 


M113 \- Q-\ 


T2 

MM3 

F2U2 

H08 


VT09 S ET PC R EG H T2 
N2 D2 ^ \ 

1M112 V ^E2U2 
E2 J J09 


J VTT'’ BMS252 H _Qi_ 

' Mlli 

JMSI CY2 


VT07 l:=c H- 


“"^M113 \S2 
R2^ H06 


VT3'? =^C INIT L 
VT07 ACR PC L 



VT09 REPT 05 L 



VT08 JMSI i 1 )H HI 

MH3 

VT37 DATA ACCEPT H J1 F08 


“VT0 CHST SET PC L 


VT08 ENO TIME H H2 

Ml 1 3 

Cl J2 ras 

qs n — [ 


K21 VT09 SET 


M203 L VT09 JMSI CY2 ( 1 IH 

FM 

VT09 CLR L _Slr R 0 Jf^SI CY2 101H 


VT09 TOPS ASC1 1 ri )H 


VT09 lOPS ASCI 1 (0JH 


. 1 MII2 
JjJ E2I 


-VT^9 CHST ENA L 


VT06 60 H 02 \ 

I Ml !2 

VT06 04 H C2 / E’2 



K1 VT09 DEFER H 


VT 06 60 i -j 

H *■! ’2 

VTC2 0903 f 1 )L j 


K2 VT03 SUB H 


iif S‘ ^ y-.^o - <n 5^i 

^ '"5 3' ''<!'*’! ' ’ " |Yf 

■ ■ i ■ I;- -j . rJi- 'S 

i : XI W.yLiiX "1^’ 

I X I I ;ii- 


v.^: OH o^TC^I^^jXL g 

TOP- -5 - 

PTHttm sr sptctfitp_ o! 

UKUSS OTHERWISC SPCCIRED ? 
DWCMSOM IM IHCHCS 

TOLERANCES s 




“"L)'VU!L> 


CHKD- A^.<. •- 

DATE 

y /V. *>• 

ENG. - V r* 

^ 

reoJ. ENG. y 

DATE 

y - - "^r: 

CMTE 

HWD. , 

DATE 


I N£VT A^iV 

A ML-VTI5-0 


BESBSgn 

ITLE 

CONTROL 
TIMING 2 


SlZElCOOEl NUMBER 

■ D 5S VT15-0-09 


equipment 

CORPORATION 

















































































7 


8 


5 


4 


VT06 10 L . J? A ^ 

vTcs 14 L ZEZ_?s>^ns \ m 

VT0B 00 L ZEM D18 / 


VT05 40 L fli ■ 


m 13 W V2 ! 
VTB2 D525 (1 )H U2 i D21 P ~^ — 


'^T24 LP FLR3 EN { ML K2 ^ ^VT07 XF£R 5 t^C fO) f4)l7 

M — \ n=M "iii 


VT02 05S3 ( 1 )H R1 


\ Cl 

VT06 50 L BT ns 


VT31 lOT SIC L LI 


MH3 V s Cl 
B1 I H11 P-^ 





^ M112 > 


L? 

JlV J 



y 


M2 

VTl 7 CLR 

FLReS H _ 

r- 

, 14 H 


\ 

1 f3) H 

M1I5 

Vii 


M112 VvN2 


♦3V E09V1 H R1 


Jp g [ LI VTl? LPL HU 
\^^VTr7FLA'i STOP L ~C 

P2 

Aa«? 

CLR C.R FLAS H 


VT07 CLK L P1^ \ 

^ M112 \_St 
VT4-^ MIP M )L Rl^ E12 j 


'Vr»2 LF FLAG (0 H 



yTl£ LP FLAG Oj L 


“VTit; StT ;.r,A'- L 


Ml M207 
E03 


SI VTl 2 LC02 ( ! )H 


_yi VT12 LC02 (0m 


V2 VT12 LC01 ( 1 JH 


5 i 

Mi 95 
rt'f 

PZ Ai/ 

vr^rcLi H LLL 

J ' 

M297 

: 

« tliO. ^ 

^ 9 


Hi 

El I 


Vsn:I E2^ 


K2 

VT06 14 H L2 \ o, 

VT02 DB04 ( 1 )H ”ili! Vv-£2- 

VTII ftoaou rfli»ij ' 


M113 V- s XI VTI2 PNT OPD L 
VT02 DB07 (01H Jt I F15 P“^ — 


VTI2 PNT InT L 



VTt2 LC00 IIJL ^ 

Mh113 

VT 12 LC 0 I niL El ^ ns 


VT12 LC8I M)L 02 ' 

^mi3 

VT12 LC02 C I )L E2^ FIS 


t-pst ^ 


Af//2 V/ 
/?24 J] 


r^LZ!y I 

/T^7 Pe t£L 03t 


VTi2 P'JT INT H 


>0^i. 

VTI2 INT £NA L— ^ 


S2 ri2B7 

E03 

- -T2_. K 0 VI VT12 LC01 (0)H 

_!S2_p j- l P2 VTl 2 LC00 ( ] IH 

L2 M207 

E08 

-g.?- K 0 R2 VTI2 LC00 10IH 

o 

MIP (01L 


J2-Ji27 


vruBLPpui^c 


l(^-VTI2 BLC (I) H 

VTl7 SECTOR C3 L- 

ej^^vTis etc v3) H 


-VT12 INTEMSITT TIME H 


VTI2 SECTOR UNELANK (l)H- 


A!H Mill 
A24 


MII3 . UNI 


-VT 12 INT ENA L 


I Bip - 

€2} — C 


VTl7 START CLR L 

!p2 


VTl I CLR ir rifis H 


>fT/B LPST^3COL- 


VT41 CH01 H T2 I N. 

Ml 13 V s V2 

VT40 CHRR ACT t IIH U2 F15 P~^~\ 


\nz7 LP pi^lse m l— ^ 


VT0S 50 H 02 

UTi 1 ovTr r t iu ro ' 


VTlS B PWR CLP L 
-vTi2 BLP Pulse 00 l 

-VT12 ELP PULSE 03 H 

VT27 LP PULSE ^ L ^ 

^ H34 


VTi2 SECTOR ZERO H » ^ 


-VT12 SECTOR UNBLANK (l)H 


VTil UPDATE OACS H- 


VT06 50 H 01p ^ 

^ mi3 V s Cl 

VTl I BYTE (01H 81^ F09 h>~— 


VTB2 DBM njH F2 F17 
VT02 DB04 ( 1 )H 01 I 


n*ia y s nc rc ^ ni \ V I 1 ^ iMILNSIlT H 

FI7 P F17 


mi3 U ri 

El I F03 p-" 


VT27 LP PULSE Z2 L- 


A2U MSlrf 


VTl I 10-02 L nils \ M2 I , , 

VT0S 40 L _kLy F17 T-ioTe ELP PULSE Z2 L^^^ T^vri2 LPSI «a (0 H 


-VH2 ELP PL LS£ L 


— VTI2 ELP Pu I 5 t 22 H 


^-VT£ B^o r OLiC 01 L 
-^^vTir E. p Pi-lse j» h 


vr:T .fsi 1. 


IC ef g^VTIg SECTOR U^BLANK (®) H 

Yl2 


VT 12 BLP Pl'LSE oy L- 


LPSI ptm 


VT27CLR LPSI L 
•iTZT PB SELSau*^ 


•Mia \ K2 

Aa* ) 


LI T ^ 

Mviia VNi 
Ml Aafe A>~ 


sa VT27 LP PULSE 03 L- 

-R g\ '^T/2 LFSr CS 


Ul ^ M5iS 
H H04 


“Vl!2 ELP ^u, c£ 02 L 
•VT12 BLP Fl lS£ Zl H 


« mir i teD? IT 


VTI2 CLR LP FLAd H 

IfMJ Hbl^l i'bl. Ui 


p! 'p! ^ ?i ,\ 

V: iw -I 


yr£7 

PH S£L if L ‘ 


Dt ^ 


S±c 



l/r/LL £^P ^Ui:,£ 7f . 


X^r/ r » , 


V7c7 re St 


VTfZ u* t 


**-rT LficO UN 0PTCS/^<X)ej. 

— PDP-15 — 

ITi 

' tmitss OTHER-A'ISE SPESlflEO —V 

./ MtlNSION IN WCHtS ' 

TOLERANCES -r— 

PCCTIIAIS nuZTtONS AHCLEt , 

/■ L iP ^r r»UL SUKTACt OlULfTT V ***34. 



vr/i LesZ0CitzX\ 


I- -7^ CaF LP ri/i^ H 


— ^ : V i— . r. I'l ^ r-r-N.; i . ;* V, 

> '■ I ! I Vi7| !| •. V- - )/ I •' i :^j* 

I ! 1;-' I i 'Lc| i’Ti 1-^:7 | i)|-, 4,^ [->{ 


CHK’D. 

UAU, 

■i ^bo 

DATE. 

U'*. 

DATE 

PROi. INC,^ 

> 'pep 

JATl 

- 79 

?Roy. 

DATE 

r*-\T . 

A-MU-VTiS" 

-0 

l-ALE ’/U 71 



E r-'-”'— ■-MJEQU I P M ENT 
LvJiL::.:.PiJ CORPOPATION 


LIGHT PEN 


D =S VTI5-0-I2 


5 




3 


2 



















































































REVtSIONS 
CHANGE HO 









































REVtsiors 


7 


G 


5 





































REVtSiONS 































VH8 B PWR CLR t Qt 

VT’J lOT LSD L— ^ 


\ Cl VT17 START CLR H 
Bl -,1 BBS 1 


VT19 B PHR CLR L <2^ ^ 

VT3t lOT RES L X p:. 

VI3I IDT LSD L Hg ^ VTI7 CLR FLAGS H 

VT3I !DT CLS FLAG L 


PI Mil/ 
DZiS 


VTM X07 ! I IH 


MS27 V . V? VTI7 START CLR L 
-S- EBB P-^ 


-VTI7 CLR FLAGS L VT31 lOT SIC L H 


vTie 

BUSH H 

Jl 

Jilc 



^ HI 12 


HI 

Jl,- FI 1 

J 



VTM T07 (1 )H u; 


■ iV E.04 Ul H 

Ik. 

I-T- ^ 1 LI VT17 PR00 ( ) )H 


Ml VTi7 FR00 (0JH 



F2 VT17 X07 ( 1 )L 



V2_ VT17 r07 ( 1 JL 


VT18 B PWR CLR L 


VTM X06 n )H r 



HI VT17 X06 ( 1 JL 


VTM Y06 ( I IH P2 



R2 VT17 r06 ( 1 )L 


VT3I lOT STPD L _V2q-^ p i Vt VT17 Sr T H A . T C 11H 


VT I 7 SET halt (C\ H — <\wii 3 Xfi 
E|Jf22 


Mmi I 3 \ \‘t 

VTI7 ClR flags 


> VTI 7 HALT (i) H 


- VT I 7 halt rp) H 


VT18 BUS12 H H2 
L2 


+ 3V C>)4 Ul H 
AN2 


P2 VT17 Pfl01 ( 1 )H 


VT31 lOT SIC L X 

^ MM2 \ Cl D2 
VT18 BUS09 L BL- FI I J 


yoIlJ fini:,h£D H 


VT17SET halt (0)H 

' L, PLJ N 

r. M • 1 i WSI II 

V-p? ^ D,9 P“h ^ 


VTI 7 

EXT STOP L^ 


R2 VTi7 PP01 (0)H 


VT07 ROD PC H H2 \ \ 

\M112 VvK2 

VT26 SUB DEL TO H J2 I F1 1 


VT17 XOVERFLO (1 )L 
VTI7 YOVERFLO MIL 

VT17 X06 rt )L 
VT17 XB7 ( I IL 
VT17 Y06 int 
VT17 YB7 « I IL 


V7I7 X06 (t)L 

'^mi3 \ K2 

VT17 Y06 fUL F09 / 





^2L2M2N2P2 


H311 \ J2 I 

H08 / 


R2lS2(T2lU2|v2 


VTM X06 (0IL T2^ 

^ H112 

VTM X07 (0IL U2^ A29 


VTM T06 (0)L P2y 


iVE 


K2 

/ VT2S LDX 

H 

L? 

^T26 SUB DELTA 

H 

H2 

VTM SUM 6 

H 

N2 


MU7 W P2 

C09 p-' 


VT2S LDX H LI \ \ 

\nil2 V>N1 

VT2S LDY H HI / F11 A' 


VT17 OVERFLO L D2 A ^ 

E2 S 4hi 15 

F2^ F12 


I''. 


R2 

VT2S LDY 

H 


T26 SUB DELTA 

H 

T2 

VTM SUM 6 

H 

U2 


VT31 lOT SIC L L2^ ‘ 

^ H1 12 

VT18 BUS07 L H2^ FI 1 


\ H2 

P2 

/ 

M113 


R2 F09 

1 — 

VT17 CLR flags H 

PI V ^ 


\m1 12 

\ N2 

Rl I Fll 


MH7 V n V2 
E03 


Bi'-I i!!-:-?: 'yJ \ U, hbll 

„ d . i J • ^ ) i ' ‘ i'* 5 ' r- ^ 

pr A M LU" - .'Si? 4 

! riljf i 


VT42 TAB L qwilS \ Cl 

■,J^2 AlJ AI3 / 


VTI7 CLR FLAGS H 

VT18 BUS0A H PI 
VT31 IDT SIC H N1 


+ 1 / /4 Jl H 

r- “ . 1 SI VTI7 EXT STOP EN ( I )H 


-VTI7 CI0I H 


MI13 V i si VTI7 OTERFLO L 

Rl I F09 


C bLu1_VT17 EXT STOP EN (0IH 
VT18 B PWR CLP L (X2 

VT17 FLAG H 


VT03 STOP FLRG ( I )L K2 ^ 
VTI7 EDGE flag MIL “TTS 
VTI2 LF L ZMJ 

rs? 


1H1I7 \ P2 

ri6 


■f3VCI4VI H 

Iri 


H18 


+ 3V CM VI H 

|u2 


s S2 



PI 




S 1 




M203 

FM 




R 0 

Ul 


PI VT17 EDGE flag ( I IH VTjS BUS M H * 
VT3I lOT SIC H - 

Ul VT17 EDGE FLAG I0IH 

VTie B PWR CLR L 


0 

SI 

6 

D 1 
M2^6 

SEL®0(1)H !■ 

0 I 
M206 

C27 

VTI8 BUS 15 H — 1 

C27 


S2 


c 0 


C t 

u 

K2 


U 

K2 


-VTI7 SLAVE PB 


•■-'-I j'X: 

QTV. 

OESdBPTION 

BWTRO. |1«j 


1 MfITS UST . 1 

UNLESS OTKERWiSE SPCClFlEO 

SMCKSJ3N IN mCMES 

WK-D. X. 

DATE 
- ;aL iTe 

SATE 

6 Q U 1 P 14 E N T 
CORPORAtlOW 

KOMAu rucnoHM AMeio 

« A» X l/«4 « 0*19' 

LNi . , 




nNM. tUKTACt QUALITY «/ 

novc •»!!<!: AND mjm $num 

cor.n:.u 

PRQJ. Lt\\ 
pk:>q. 

DATE 

y-" 

MISC 

CONTROL 

KATCFJ^L 

-r 


- 





0 

SIZE CODE 

NUMBER R£V. 


.zrj. i_ 

3 V 

15Q-17 r 


■ ''T 1 rr 


1 1 1 1 1 1 1 1 1 1 































REVISIONS 

CHANGE NO. I REV. 






REVISIONS 

CHANGE MX i REV. 
















































CHANGE NO. 









































KVISONS 










































































































7 



































































fHAN(5F. NO. TrW 



f 













REVtsmwa 
CHANGE NO. 
































































RCVtStONS 
















































I ON 3tJNVH3 \ MHO 
SNOISIAIM 





















































RtVISlONS 

CHK I CHANGE NO, I R£V. 


)■ Co* 


B 


VT31 lOT RS02 H 
VT27 P800 H 


VT37 STflT IN H 
VT03 INC00 t \ )H 


VT31 lOT RS03 H 
VT03 STOP TLfiG ( 1 )H 


VT31 lOT RS02 H 
VT27 PB01 H 


VT37 STRT IN H 
VT03 INC01 ( I )H 


VT31 lOT RS03 H 

VT2i -S Fit.: H 



VT31 lOT RS02 H 

Lt 

MMI 

VT27 P802 H 

Ml 

HIS 



VT34 


T FEZ 
■££T 1 




VT37 STRT IN H 
VT03 INC02 ( I )H 


o 

o 


£ ^ M622 
y H28 


H2 VT35 I/O BUS02 L 


VT?I lOT RS03 L- 
vTl2 Fl-Ao (!; L“ 


v-522 


VT31 lOT RS01 L 
VT37 STRT IN L 



VT32 STRT01 H 


VT32 FDPC L- 

, iTi^, I ' I . 


Mfc22 

J02 


VT31 lOT RS02 H 
VT27 PB05 H D1 


VT31 lOT R501 H 
VT17 PR00 ( 1 1H 





♦3V H13V1 H 


VT32 RDPC H 
VT36 PC05 ( 1 )H 


VT31 lOT RXP H 
VT17 XOVERFLO ( 1 )H 


VT31 lOT RYP H 
V7I7 YOVERFlO ( 1 )H 


VT37 STRT IN H 
VT04 ROTPTE i 1 


V J. M 10 T R 2 : 

V T44 A6R kl st/.tl: 


O 

o 


Ml 4 1 
H’6 


M622 

H28 


P2 V T35 I/O BUS0S L 


VT18 RD ST03 L 

fMy 


M622 

H2S 


VT29 ONY FLOG w 02 



B 


a '(>- 


: .-•'. .J- >L 


7 = 


8 


• SPtCififeD 


LN.tSS OTHt-rWiSE SKClF.EO 

ClHtNVOf* IN INCHCS 

TOLERANCES 

CtClW«;« FMACnONS AK(;;tS 
£ .vn £ ! w S 0 33 
rwi/it sutfftCf O’jALfrr »/ 
KM3Vt tJitlii, MO BBCM MAItf 


MATU^IAL 


7 

6 

5 

4 3 1 




CMKD,^^. 

DATE 

l-y 

DATE 

PROJ. 

DATE 

PROD. 

DATE 


a 

SCALl 

SHEET 1 or 


SSI 

frRRI|£OU 1 p M E NT 
Qygjil CORPORMTION 

TITLE 

EUS Z-E ? 

SIZE 

CODE 

NUMfeEH rTy 

x'T'b^Z-3- J B 


J 

1 1 ! M I'.LXJ 




change no. 



8 


7 




















HtVISIONS 

CHK 1 CHANGE NO. | WLV, 

^^VTI5-OOP43 

^ HALIO 



VT31 IDT RS02 H 
VT28 NR02 ( 1 )H 

VT32 STfiT0t H 
VT05 EDGE INTR EN M )H 

VT32 ROPC H 
VH5 PC13 1 1 )H 

VT31 IDT RXP H 
VT15 XI3 ( 1 JH 

VT3I IDT RYP H 
VTIS Y13 (1 )M 


VT31 IDT RS02 H 
VT28 NR03 ( 1 )H 

VT32 STRT01 H 
VT05 PB INTR EN M)M 

VT32 ROPC H 
VT16 PCM 1 1 IH 

VT31 IDT RXP H 
VTI6 XM ( 1 )H 

VT31 IDT RYP H 
VTIS YM ( 1 )H 





8 


7 


G 


5 



+5V 




♦ 5V 


VT3J lOT RS02 M 
VT28 NR06 ( \ )M 

VT32 STRT01 M 
VT05 LINE01 C 1 )M 

VT32 RDPC H 
VTIS PC17 (I JH 

VT3! lOT RXP H 






























CHANGE NO, T REV, 


8 

Z 

G 

5 

4 

3 

2 

1 

> > C’tm.-f and t,.^catjora. hdmit. ar* th« prvf 
r-ty 0* C'lgta- Equip^ant Cot^viIkmi and itiall not IM 
'rprMucad O' ce»wd or utM In n*;i« or in pan m 
tn« Mait fw tNa manutactun or Mia of wma wtMui 
atfitkn ponmaaian. 





D 


B 



H912 H912 

H29 H31 


M912 M912 

H30 H32 


H912 M9J2 

J29 J31 



R1 

1 

ni 



RY 

I 

RY 



RY 


RY 

VT35 I/O RUN H 


B1 



BY 

VT35 I/O BUS00 L 


BY 



BY 

VT3S I/O SYNC H 


BY 



BY 

Cl 



CY 

VT35 I/O BUS0Y L 

CY 



CY 

VT35 I/O IOP0Y H 

a CY 



a CY 

VT35 ORTR OFLO H 


D1 


DY 


01 


DY 


D1 


01 

El 



EY 

VT35 I/O BUS02 L 

£1 



El 

VT35 I/O IOP02 H 

El 



El 

VT35 I/O OFLO H 




n 

VT35 1/0 BUS03 L 

FY 



FI 

VT35 I/O IOP04 H 

, FI 



, FI 

VT35 I/O RD03 L 


HY 


HY 


HY 


HI 


HI 


HI 

J1 



J1 

VT35 I/O BUS01 L 

J1 



J1 

VT29 SKIP RQ L 

J1 



. J1 

VT35 I/O RD01 L 

Kl 



KY 

VT35 I/O BUS0S L 

a 



a 

VT05 INT RQ L 

a 



KY 

VT35 I/O RD05 L 


, LI 


LI 


. LY 


LY 


. LI 


LY 

MY 



Ml 

VT35 I/O BUS0S L 

Ml 



Ml 

VT37 RO RQ L 

MY 



Ml 

VT35 I/O RD06 L 

N1 



NY 

VT3S I/O BUS07 L 

a NI 



NY 

VT35 RD STRTUS H 

NY 



NY 

VT35 I/O RD07 L 


PY 


PY 


PI 


PI 


PI 


PY 




* ftY 

VT3S I/O 8US0B L 

R1 



RY 

VT35 I/O PWR CLR H 

RY 



' ftl 

VT35 I/O RD08 L 


. SY 


SI 


SI 


. SI 


Si 


SI 

TY 



T1 


T1 



T1 


TY 



TY 



UY 


U1 

" 

UY 


UY 


UY 


UY 

VY 


VI 


VY 


VY 


VY 


VI 




* 










1912 

K29 

" 

L 

M9Y2 

H3Y 


1912 

HOB 


" 

19Y2 

H32 


L 

r 

M912 

J23 


” 

M9Y2 

J31 

. 


R2 



■ RZ 



RZ 



R2 



R2 



R2 


^2 


Ta 


B2 


82 


B2 




. C2 


a C2 


C2 


C2 


C2 



VT3S I/O PD09 L 


D2 



D2 

VT35 I/O BUS09 L 


02 



02 

VT35 I/O DS0B H 

r 

DZ 



. DZ 

EZ 



E^ 

VT3S I/O BUS10 L 

E2 



E^ 

VT3S I/O OS01 H 

E2 



E2 

;i;vT35 I/O fiO10 L 

1— ^2 



F2 

VT35 I/O BUSY 1 L 

F2 



F2 

VT35 I/O DS02 H 

. 



. 

VT3S I/O ROY 1 L 


H2 


H2 

— 

H2 


H2 

r 

H2 


H2 

J2 



Ji 

VT3S I/O BUS 12 L 

, J2 
K2 



' J2 

VT35 I/O DS03 H 

J2 



1 -J2 

VT35 I/O ROY 2 L 


K2 


YC2 


K2 


K2 


K2 

L2 



l5 

VT3S I/O BUS 13 L 

L2 

M2 



L2 

VT3S I/O OS04 H 

L2 



L2 

VT35 I/O RDi3 L 


K2 


. M2 


M2 


M2 


M2 

N2 



a N2 


N2 



N2 

VT35 I/O OS05 H 

n2 



N2 

VT35 I/O RDM L 


. P2 


P2 

VT3S I/O BUSH L 


P2 


P2 


P2 


P2 

R2 

h 


• hi 


R2 



. R2 

VT37 SING 8R L 

R2 



R2 

VT35 I/O RD15 L 


. S2 


S2 

VT35 I/O BUSY 5 L 


S2 


S2 


S2 


S2 




T2 

VT35 I/O BUSY 6 L 

T2 



T2 

VT3S I/O SD00 H 

T2 



T2 

VT35 I/O ROYS L 

U2 




VT35 I/O BUSY 7 L 

a U2 



U2 

VT35 I/O SD0Y H 

U2 



a 

VT35 I/O RD17 L 


r— v 2 


V2 


V2 


V2 


V2 


V2 

















-L. -1- -i- -L. 

T T T T T T 


M912 M912 

J30 J32 



RY 



RY 

VT37 WRITE RO L 


BY 



BY 

Cl 



a CY 

VT35 INC MB H 


01 


DY 

E1 



EY 

VT35 +Y TO Cn INH L 

FI 



FI 

VT35 nPI00 RQ L 


HI 


HI 

J1 



J1 

VT35 RPI00 GR H 

KY 



KY 

V’35 RPI00 EN H 


LY 


LY 

MY 



Ml 

pv:35 RPI01 RO L 

NI 



NY 

VT35 RPI01 GR H 


PI 


PI 

R1 



* RY 

VT35 RPI0Y EN H 


51 


SI 

TY 



T1 



U1 

” 

UY 

VI 


VI 







M312 

J30 

1 

M912 

J32 

3 b EN 1 N H 


R2 



R2 






C2 


C2 

VT37 RPI02 RQ L 


02 



02 

E2 



E2 

^_VT35 RPI02 GR H 

F2 



F2 

VT3 7 I/O -pr EN Z'jT 


H2 


H2 

J2 



I -^2 

VT35 RPI03 RO L 


K2 


K2 

L2 



L2 

VT35 RPI03 GR H 


M2 


M2 

a N2 



N2 

VT35 RPI03 EN H 


P2 


P2 

a ^2 



a ^2 

VT37 DCH RQ L 


52 


52 

T2 



T2 

VT35 OCH GR H 

U2 



U2 

VT37 I/O OCH EN CUT H 


V2 


. V2 



1 




1 VT35 I/O DCH EN IN H 


D 


TDP-\5 




> OTHrPy.'S£ SPECi^ED 


UM£5S OTHERAiSE SPECIFIED 

DIMCNSION IN INCHES 

TOLERANCES 

ptCTUtlS rB*CtlONS »NOi.tS 
X -3« S 3 M r O’JO 

rutAi SJRr^CC QUAUTT J 
SU*avt BUAR& AND BRUK $HA»R 
CCIRNCAS 


■ V- 


7 

B 

1 

5 


3 1 




CHK O - 

DATE 

ENa . 

DATE 

'»ROJ. ENiv. . 

DATE 

PROD. 

DATE 

\! .i C-- r 


A • Ml_ *■ V T ! S " 

SCALE \L iC 

SHEET 1 OF 


Bsna 


E Q U I P:W ENT 
CORPORATION 


R 


CABLE 


SiZt CODE NDMBER 

L 1 VT15-0-3S 


I I ! I I I I 1 'I I ' 

















VT37 RE;0 ( 1 JL N1^ 


nS 22 

h2o 


P2 VT37 SING e« L 


VT37 RE.0 ( 1 )L 
VT08 IN 1 1)L 


nG 22 "\^ yg_ 

-JOcj 


VT37 DCH RO L 


VT08 STRTUS JN < DM H2 
VT37 CNR ^ < W Jg 


K2 VT37 STflT IN t 



VT37 STflT IN H 


VTieS'-V’.RCLn 
VTi& CPAM 
yT-7 CLn RTG 


VT07 DATA Fi 


H HI 


El 

H NI 
H E2 
L E2 ^ 

JM 

n 

PI 

SI 

^ H H2 


J2 

,i t.l 


M2 

H - 7 


U2 

~:rr- 


VT37 ENfi 1 1 )H 

■ VT37 tNfl tarn 

* VT37 REO I0)H 
“V737 Z/0 X>H cN our H 
' VT37 REO i 1 )H 

VT17 CtR REO L 


VT31 lOT RS01 L 
VT31 lOT RS02 L 
VT31 lOT RYP t 
VT31 lOT RXP L 
VT31 lOT RPC L 
VT31 lOT RS03 L 
+3V J20U1 



M622 U C2 VT37 RD R3 L 
H26 


VT37 API REG ( 1 )L P1 



E2 VT37 PPIZ2 R3 L 


B 


VT10 KJP 04 H PI 

VT37 CW n )M Cl 


VTiS grant 
VTJ 7ENA (i; L 


VT37 DflTfl PEROY L 



VT37 DATA READY H 



VT37 ORTR fiCCEPT L 



VT37 DRTfl RCCEPT 


B 



y T^g IN <l) L 


-vT37 ;nit load L 
1 — VT37 PC :n:t . 


. ( I 

'I i 




r.jia 

J 

Jji 


,<|o' 

iSi_i 


R 


V-r TN T'TON/»OtL 

PDP-^5 


r)THFR».5E SPFCiHiU 


UNLtSS OTXCRWiSE SPECIHEO 
OiHCR&iO«> tN mCMCt 
TOLERANCES 

DCOMALt rUCTtONS ANCk^S 
S .DOS S 1 fr* i 0’» 

rwAt »u«»*et ou’Aur» / 
RCM^Vt rjIRS AMS WUA fHARP 

COANiin 


MATERIAL 

- / 


CHK D CKM- y f 


mh 


,Ln 2. 


2“ 


ti* 


|pro5T 


A- MU-VT^5-0 


BEISSIDI 


I EQUIP WENT 
CORPORATION 


DATA CHANNEL 'B 
MULTPlEX ■ 


CODE 

NUMBER 


55 

VTI 5 - 0-37 




R 







RtVtSIWS 

CmHQENQ. 

V TI5 00(^1 1 



B 


fl 



A 


A. 

N 


< 


■J 

< 

T 



. 



00 H 
04 H 
10 H 

MTA RCO M )H 
DATA AVAIL ( 1 )H 
OP DONE 1 1 )H 
8YTE CDH 
OSPLY SKP ( 1 )H 
DSPUY INTR H 
LP FLAG CN (1 )H 
e06C FLAG CN (1 JH 
1NT00 1 1 JH 
lNT0f { f JH 
iNTea ( 1 JH 
■HSOO (0)H 
AS01 M JH 
6MS^2 H 
BMS73 H 


6772 

001 



14 H 
20 H 
24 H 

BLINK I1JH 
OFTSGT njH 
ROTATE njH 
PA00 ( 1 JH 
PA0I niH 
L1NC00 ( 1 JH 
L1NC01 ( 1 JH 
CHAR ACT ( 1 JH 
CPHR (HH 
CB00 njH 
CB81 1 1 J 
CB02 II JH 
CB03 ( 1 JH 
C804 1 1 JH 
CB05 1 1 JH 


rt 

001 


VT06 
V T06 

E.VT12 
E-.VT17 
Ttrv TBO 
VTI7 
VT0S 
VT05 
VT05 
.VT05 
VT2e 
21QT28 
E -VT28 
E _VT20 
Til V T20 
VT28 
VT28 


30 H 
3^ H 

LP FLAG 1 1 JH 
EXT STOP 1 1 JH 
STOP FLAG 1 1 JH 
EDGE FLAG 1 1 JH 
LP INTR EN ( 1 JH 
PB INTR EN (1 JH 
STOP D^R EN (1 JH 
EDGE INTR EN 1 1 JH 
NR00 n JH 
NR01 1 1 JH 
NR02 1 1 JH 
NR03 [ 1 JH 
NR04 ( 1 JH 
NR0S ( \ JH 
NR0G 1 1 JH 



VT06 50 H 
VT06 60 H 
VT06 70 H 
VT09 SUB H 
VT09 defer H 
F 2 

VT03 2NC00 ( ^ JH 
VT03 1NC01 II JH 
VT03 INC02 1 1 JH 
VTB3 1NC03 1 1 JH 

VT I7 X OVER FLO W ::)H 
VT14 X06 1 1 JH 
V714 X07 I 1 JH 
VT14 X08 I 1 JH 
VT11 X09 1 1 JH 
VTIS X10 1 1 JH 
VT1S XU M JH 
VTJS X12 I 1 JH 


8 


7 


G 


5 


3 


2 


D 


G7?5 

E0J 


6775 

E0I 




6^75 

F01 


^.77' 

F8! 




X13 

( 1 JH 

X14 

( 1 JH 

X15 

1 1 JH 

X16 

( I JH 

X17 

( 1 JH 

Y OV 

Efi FLCW.IIM 

Y06 

( 1 JH 

Y07 

I 1 JH 

Y08 

n JH 

Y09 

( 1 JH 

Y10 

i \ JH 

Y1 1 

( 1 JH 

Y12 

( 1 JH 

YJ3 

I 1 JH 

Y14 

I 1 JH 

YtS 

I t JH 

YJ6 

( 1 JH 

Y17 

( 1 JH 


6775 

H0J 


6775 

H01 


B 


■ ulLV" CN '::,-Tly.|^10XL 

PDP-15 


PART HO. 
^ 


UNLtSS OTHERWISE SP£C<fieO 


UNLCSS OTHERWISE SPECIflEO 

OIHCNSION IN INCHCS 

TOLERANCES 

PCCIMAU FKACTIONS MCLCS 
;t .eos s l/M - 9^ 
rviAL f’w/ia puujTY ^ 
RUISVt BUMS AND MUA MA«f 
COWitW 

hatSSl ~ 


T4-U1- 

DATE . 

CH» U. A, K. , 

DATE 


daIe 

PROJ^Na , ^ 

DATE 

7 >‘r-7a 


DATE 

•tXT 

A-ML-VTlS-iZS 

ui 

0 

1 

SHEET t OF 1 1 


r 

BBiBISID 

ECU t P44 ENT 
CORPOf^ATION 

TITLE 

LIGHT 

CABLES S- 

iiS 

CODE 

jC 

NUMBER < 

VTI5-0-38 


1 1 1 1 r- f r-i 1 ] 


fl 





















7 


6 


5 













7 


5 


3 


2 


VT40 CHAR ACT (0)H ^ 

VT07 MS01 M )H B< Ml IS 
VT06 00 H Cl 002 


VT10 ESC H 

VT07 0MS03 H El 


VTQ7 SET C-tAR ACT l np 

\ VT40 ESC H 






VT06 00 H LI 
VH0 CHRR END H Ml 


VT40 CHAR 1 ^C.'H 
VT40 CHAR 2 {0)H. 

VT40 CHAR 3(0»H 
VT4 0 CHAR 4(0)H- 
VT40 CHAR S(0)H 


VT40 CHflR NCOMP <0)H El X 
VT40 CHRft RCT Cl )H ’TV Ml 15 Vv_J 
VT07BMSO3 H HI D02 H 


M113 

VT07 CLK H M2 FBS 


VT41 CH00 niH 
VTl 1 MOVE END H 
-VT29 INC CNT ZERO H 
VTB9 lOPS RSCtl (0)H 


VTII MOVE ENOH K1 I N. 

VT41 CH00 C1IH _ LI Mils W 

VT09 IDPS flSC1 1 C 1)H Ml 002 ^ 


VT40 LAST CHAR H — 


VT29 INC CNT ZERO H 


VT40 ESC H 
VT07 BMS03 H 


-VT40 CHIN — w 

CLR L 


S2 ^ 

o 

U2 

T2. 

J 1 


VT07 CLK L-5^ 

H202 

F06 


Rl r”' -s. 



§r- ^ 

K 0 

PI 

rui — ^ 

VV2 



VT08 END TIME H- 


£2 P 08 


-VT40 CH3T OPD L 


^ 3v ui H 

JIlj2 


VT09 lOPS ASCII (')h P' , \ 

1 M 1 13 wiL 

I Rl FIS r~ 


• VT40 ESC RPT ENA L 


VT02 0607 ( 1 )H T2 


VT4^ CHIN CLR L 


P1_VT40 CHflR ACT (0)H 


02 MI 4 I 

y BI3 


VTB2 DB0S 1 1 IL PZ J X 

M112 \ SZ S2 F2 , 

VT04 PSRR02 L R2^ FI 1 J | rJ — 

H y [C_0_1— i!U ^ 

VT4^ CHAR ACT CLR L ? ^ -LT -.-OlE H 

K2 


1 M 121 \ ^J 2 I Rlp l X 

I J21 ^ mi2 \ Cl , 

Bl^ J19 ) ^ 


VT4^ CHAR ACT CLR L 


— VF 40 K 


VT49 C-AR KESET l 


VT I 7 ETAAT CL k H 


VT40 last char H 


j VT03IOPS ASCII (l) H 

VTl 8 B PWR CLR L VT40 CHAR AC’ 

0 ) « 


'Wl? L_Elr MI 4 l\_P 2 VT40 CHAR 


RESET ENA H 




VT40 CHST Jiiy \ \mII2 \ ^CI 

OPD L ^MII3 Ell E04 I 

1-2 J FIS y — 1 y , ' 

7 VT40 lOPS RESET L 


VT 17 start CLR H M 1 13'^\ 

eJ E04 )i>^VT 


r40 CHAR END CLR L 


VT40 CHAR RESET H 


VT 97 CLK L-l 


LPJ I 

_!2!_r 17/ VT40 CHAR NCOMPlIlH 
' ll ^ 
ini ^ 

• “ni ^ ^ 0 Jl! VT40 CHAR NCOMP 10 )H 


S1 VT40 CHAR BYTE COMP L 

( 0 L --- '- cl 

VTII Mr'v£L £MD L -^-cl 


h’ I I 2 
El 


vtisinc cm 

7F.W. El i 


^ M M 2 ^ N ! 
ii!r> E04 


— V2 
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Equipment Corporation and shall not be reproduced or copied or used 
in whole or in part as the basis for the manufacture or sale of items 
without written permission. 
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1.0 Introduction 
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Figure 2.1 

3.0 Equipment 

4 . 0 Summary Theory 

4.1 Supply Functions 

4.2 Arbitrary Vectoring and Modules 

4.3 Phasing Accuracy 

4.4 Noise Attention 

4.5 Display Front End 
Figure 4.5.1 
Table 4.5.1 

5.0 Logic Checks and Adjustments 

5.1 Table Summary 

5.2 +5V 

5.3 System Clock 

5.4 System Displays 

5.5 Move Settle Delay 

5.6 Data Flag Delay 
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5.8 Long Point Settle Delay 

5.9 Display Console Bus Delay 

5.10 Blink Delay 

5.11 Arbitrary Vector Start Up Settle Delay 

5.12 Arbitrary Vector Start Gen Delay 
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6.0 Analog Voltages - Checks and Adjustments 
Table 6.0 

6.1 •*•15 Volts 

6.2 -15 Volts 

6-3 DDAC Reference Voltane 

7.0 Initial Analog Adjustments 

7.1 Pot Definitions 

7.2 Initial Pot Set Up 
Figure 7.1 

7.3 DDAC Adjustment 

7.4 Display Phase Check and Adjustment 

7.5 Variable Terminator Adjustment 

7.6 Vector Time Verification 

,8.0 Analog Vectoring Adjustments 

8.1 Set Up of Brightness Levels 

8.2 Output Offset Adjustment 

8.3 MDAC Phase Adjustments 

8.4 Tuning of Vector Length and Intensity 

8.5 Character Fine Tuning 

8.6 Character Sneed Verification Versus Quality 

8.7 Closer Observation of Vector Gain Vs. phase Error 

8.8 Observation for Arbitrary Vector Mode Compensation 
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lUTRODUCTIO?! 

The VT15 display system adjustment must be undertaken with 
care and patience. Please attempt to understand the 
circuit and adjustment functions before starting. During 
adjustment try to correlate visual changes with the 
knowledge of how you are causing them. 


2.0 SYSTEM conditio:^ 

The display system must be reasonably up-to-date for this 

procedure to apply. 

A. Display Front End 

1. Should have a new type yoke i.e. black and serialized 
rather than brown. 

2. Should have a nev? type deflection amp mounted on 
the right side below muffin fan (when facing the 
screen), identifiable by the 2004».potentiometer on 
it (old amplifier had no pot) . 

3 . Should have an RC network on the rear chassis as 
shown in figure 2.1. If it is not correctj modify it 
to conform to figure 2.1. 

4. Should have a variable terminator (74-09303-0-0) 
on one deflection axis (only on the last scope if 
there are multiple scopes) . 

B. Backplane 

1. ECO VT15 #47 should be installed. 
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C. A3180 

1. Should be up through circuit schematic rev.C, 

D. A3170 

1. Should be circuit schematic Rev. B or greater. 

E. M7010 

1. Should have a shield installed see ECO #M7010-1 

F. A238 

1. Should be circuit schematic Rev. C or greater. 

G. A140 

1. Should be circuit schematic Rev. C or greater. See 
ECO #Al40-3 

3.0 EQUIPMENT 

The following equipment is needed: 

A. Dual trace ocsilloscope . 

B. 3 probes with grounding leads at least two lx probes 
are needed. 

C. Alignment tool or small screwdriver. 


Check that all probes are properly compensated and that both 
channels have their gains and phases calibrated. Very 
Important. 


4 . 0 SU>L'IARY THEORY 

An understanding of how the analog portion of the system 
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works is necessary to get a good adjustment in a reasonable 
length of time. 

4.1 Supply Functions 

The display processor uses +5V +15V +.5V, and -15V +.5V. 

All voltages should be stable. If they are outside of their 
specified ranges they may cause general deterioration of 
picture quality. Because of the dependence of the display on 
stable analog supply voltages, it is desirable to maintain 
an on-site record of the +15V supply voltages. The +15V 
supply should be checked as a part of PM procedure and at 
every adjustment session with a properly calibrated test 
instrument and the results recorded in a chart. 

4.2 Arbitrary Vectoring and Modules 

In order to avoid redundancy in reading material you are 
referred to read the chapters in Volume 1 of the VT15 manual. 
They are as follows: 

3.1.7 Analog Function Group 

5.1.9 A3180 Vector Generator 

5.1.10 M7010 VV15 Timing Control 

5.1.11 A3170 Arbitrary Vector Generator 

5.1.12 A140 Dual Analog Switch 

5.1.13 A238 Dual Analog Summer Driver 

4.3 Phasing 

An area which affects picture quality is differences in 
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TITLE 

VT15 SYSTST-! ADJUSTMI^JT PROCED?;P.n 

throughput between the X and Y axis (that is signal path 
between the ramp generation of the integrator in the VT15 
and the beam deflection in the CRT of the display unit) . 
Differences in throuahput may occur in the A3170 arbitrary 
vector generator module, the /.140's analog switches the 
A238 summer-drivers, the coax cables, the deflection amplifier 
network. Phase distortion on the A3170 is compensated at the 
time of manufacture by capacitors C26 and C27 (see print 
D-CS-A3170-0-1) . ; Phase distortion resulting from the 
A3170, Al40, and A238 are factory tested. Phase distortion 
on' the cables is adjusted by attaching a variable terminator 
to one end of one of the calbes. Phase distortion in the 
display deflection amplifier and yoke are provided for by 
an adjustment potentiometer on the front end deflection ampli- 
fier . 

4.4 Noise. 

^ The system is designed to provide adequate settling time be- 
tween operation in the logic timing (refer toSeC-Sto deal with 
normal noise within the analog circuits) . Peculiarities at 
the beginning/or end of vectors are probably the result of 
excessive ocsillation or noise and should be trouble-shot 
accordingly. 

4 . 5 Display Front End 

The display has a number of straight forward adjustments. 

See figure 4.5.1 and Table 4.5.1 
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X Gain 

Controls the siza of the display in the X axis by 
controlling attenuation of the X axis deflection input. 
Adjusted so that a full screen vector in X is 9 1/4 inches 
long. May be adjusted for shorter lengths if the 
customer desires (the smaller the viewing area the 
less visible any distortion) . 

Y Gain 

Controls the size of the display in the Y axis by 
controlling attenuation of the Y axis deflection input. 
Adjusted so that a full screen vector in Y is 9 1/4 inches 
long (or to match X) . 

X Centering 

Controls the position of the display in the X cixis by 
controlling biasing of the X deflection amplifier. 
Adjusted to permit viewing of the entire display in the 
center of the viewing area. If the customer does not 
use the offset area he may desire that the main viewing 
area be centered. 

Y Centering 

Controls the position of the display in the Y axis by 
controlling the biasing of the Y deflection amplifier. 
Adjusted to permit viewing of the entire display in 
the center of the viewing area. 
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Intensity 

Controls the intensity which will be displayed by 
controlling grid bias in the CRT. Has proportional 
control over all intensity levels. Adjusted (with 
contrast) to provide enough intensity so that level 0 
is barely visible. 


Contrast 

Controls the intensity which will be displayed by 
controlling the cathode bias in the CRT. Has proportional 
control over all intensity levels. Adjusted so that 
level 7 does not bloom over 30 mil spot size. 


Note that the intensity and contrast adjustments are 
interactive. 


Fbcus 

Controls the focus by controlling the grid bias in 
the CRT. Adjusted to provide as uniform and sharp a 
picture throughout the displayable area as possible. 
Sharpest picture in center of screen. 


H. Phase 


See discussion on phasing. Section 7.3, 
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TITLE VT15 SYSTEM ADJUSTMENT PROCEDURE 


5.0 LOGIC CHECKS AND ADJUSTMENTS 

5.1 Table Sunvmary 5.I ’ 

5.2 +5 Volt Logic Power 

A. Scope Points A05A2, C02A2, E02A2, ; : 

B. Adjustment - Accessible potentiometer on top left of 
the H721 power supply (bottom of VT35). 

C. Procedure - Adjust to achieve +5 volts average for all 
points-Oor +.l5 volts. 

5.3 System Clock 

A. Scope Points - D15D2 

B. Adjustment - Potentiometer on back of M401 module in 
location D15. 

C. Procedure - With the display stopped, adjust for 250 ns 
between pulses . 

5.4 System Delays 

The duration of a delay is the amount of time between the / 
positive going leading edge and the trailing edge. To take 
the following measurements, use an oscilloscope and SYNC + 
on channel one. 

5.5 Move Settled Delay 

A. Scope Points - C16F2 

B. ■ Adjustment - Top potentiometer on back of M3 02 module 

in location C16. 
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TITLE VT15 SYSTEI-I ADJUSTMENT PROCEDURE 

C. Procedure - Run the first section of VT15 Part II 
(Blink Square) and adjust to 3.5 usee. 

5.6 Data Flag Delay 

A. Scope Points - C16T2 

B. Adjustment ~ Bottom potentiometer on back of M302 
module in location C16. 

C. Procedure - Run the first section of VT15 Instruction 
Test, Part II (Blink Square) and adjust for minimum 
(400 nsec). 

NOTE: Early versions of VTl5 Instruction Test, Part II 

will not run with this delay below 3 1/2 usee. To run 
the old version diagnostic, change memory location 
3211 to 140.000. 

5.7 Short Point Settle Delay 

A. Scope Points - J12F2 

B. Adjustment - Top potentiometer on back of M302 module 
in location Jl2. 

C. Procedure - Run the Test 13 ^g^VTlS^’and adjust for 
8 usee. 


5.8 Long Point Settle Delay 

A. Scope Points - J12T2 

B. Adjustment - Bottom potentiometer on back of M3 02 module 
in location Jl2 . 

C. Procedure - Run the first section of Instruction Test, 
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Part II (Blink Square) and adjust for 20 usee. 


5.9 Display Console Bus Delay 

A. Scope Points - F13F2 

B. Adjustment - Top potentiometer on back of M302 
module in location F13. 

C. Procedure - Run the first section of Instruction Test, 
Part II (Blink Square) and adjust to 750 nsec + (X-30) 
times 4 nsec, where X equals the cable length in feet 
between the VT15 and the furthest VT04 (for standard 
30 Ft. cable adjust to 750 nsec).. 

5.10 Blink Delay 

A. Scope Points - F13T2 

B. Adjustment - Bot'-om potentiometer on back of M3 02 
module in location F13 . 

, C. Procedure - With the display stopped, adjust to between 
80 and 120 milliseconds. 


5.11 Arbitrary Vector Start Up Settle Delay ' 

A. Scope Points - A22F2 

B. Adjustment - Top potentiometer on M302 module in location 
A22. 

C. Procedure - This delay is factory set to allow for the 
maximiom settling time without exceeding the specification 
for the character drawing rate. Its normal setting is 
about 500 nsec, but will vary from system to system. 
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If adjustment of this delay is necessary, run the first 
section of Instruction Test, Part II (Blink Squares) 
and adjust to 500 nsec. Then go to normal adjustment 
procedure starting in Section 8. 

5.12 Arbi trciry Vector Start Gen Delay 

A. Scope Point - A22T2 

B. Adjustment - Bottom potentiometer on M3 02 module in 
location A22. 

C. Procedure - Run the first section of VT15 Instruction 
Test, Part II and adjust to 100 nsec. 

6.0 ANALOG VOLTAGES - CHECKS AND ADJUSTMENTS 

The +15 volt and -15 volt precision supplies provide a 
base for most of the VT15 analog adjustments. They may be 
set as much as one-half volts from nominal and still provide 
normal operation. However, once these voltages are set 
and the analog adjustments have all been done, these voltages 
should not be readjusted. If a precision voltage is changed 
for any reason, the vector length analog adjustment could 
possibly have to be redone . 


See Adjustment Summary Pot Table 6.0. 
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TAr.LE 6 .0 

ADJUSTME'CT SU-'AMAHY POT TAELE 


■ADJUSTMENT TEST POINT 


:0'i:iENTS 


+ 15V 


-15V 


X01A2 and X32A2 A. just iI721 (through hole in its cover) 


of every row 


B32V2 


B32U2 


- ?hould be 5V +.15V 

- O V 


-Adjust H7 07 - lefthand pot. 

Caution: On earlier VTlS's it is 

possible to short live points within 
the nower supply if a metal adjusting 
tool is used should be +15V +. 5V. 

-Adjust H707 righthand pot. 

Caution: As above should be -15V 

+ .5V 


SIZE CODE 

A 


NUMBER 

''T15-0-51 











ENGINEERING SPECiFiCATrON iflglflfiiB CONTINUATION SHEET 

TITLE VT15 SYSTEM ADJUSTMENT PROCEDURE 

6.1 +15 Volts 

A. Test Points - B32V2 

B. Adjustment - Lefthand potentiometer on the II707 power 
supply (mounted in upper part of VT15) . 

C. Procedure - Adjust to achieve +15.0 volts. 

6.2 -15 Volts 

A. Test Point - B32U2 

B. Adjustment - Righthand potentiometer on the 11707 power 
supply (mounted in upper part of VT15) . 

C. Procedure - Adjust to achieve -15.0 volts 


6.3 D DAC Reference Voltage 

A. Test Point - A32V2 

B. Adjustment - Potentiometer on the back of A704 module 
in location AB32. 

C. Procedure - Adjust to obtain -10 volts. May be factory 
set at a value slightly higher than -10 volts. 

NOTE; Additional information for adjustments is given in 
section 7.0. 
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7.0 INITIAL ANALOG ADJUSTMENT PROCEDURE 

7.1 Pot Definitions 
A3180-P1 Point Intensity 

This pot controls a delay triggered by a signal called Start 
Generator which simultaneously starts ua the vectoring. We 
delay the intensity turn on to match up the delay introduced 
in the X and Y analog networks. 

A3180-P2 Vector Length 

This pot controls the end point of the vector being drawn 
on the CRT. It is done by introducing a linear voltage 
error to the D DAC, which in turn controls the magnitude 
of the ramped voltage in the intergrator. 

A3170-P1 X Gain 

This pot will allow one to match the vector length of the 
Y axis. Any error between vector lengths of a positive and 
negative direction will occur due to errors beyond the A3170 
signal path. 


A3170-P2 X Phase Con trol 
A3170-P4 Y Phase Control 

These pots set the zero volt start position for the output 
of the MDAC ' s . i.’lien the pots are set so that the outputs 
are zero for a DC voltage level, turning more counter- 
clockwise on cacl'i not generates a chase control 'diich allows 
one to set the X and Y final outputs to a zero phase error 
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referenced to each other. Those controls should always bo 
set last, after phasing in the CRT and the cables and 
setting the A3170-P3 and P5 pots to zero offset. 


A3170-P3 X Output Offset 
A3170-P5 Y Output Offset 

These pots correct any inherent offsets produced by the 
operational amplifier’s following the MbAC's. They cannot 
bo used to correct an error produced by the MDAC. 


A704-P1 Coarse Vector Length Error Control 
A704-P2 Fine Vector Length Error Control 
These pots Should be used to correct percentage error of 
vector lengths meeting their predetermined end point. This 
is most noticable as the vector lengths determined are 
( longer and longer. Test 13, with PE.l in a ot.e or zero 

Vo ; 

shows the accuracy of end point matching. 
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2. Follow the D DAC adjustment given in Section 7.3-B 
but use the medium and coarse adjustments on the 

. A7G4, instead of the adjustment on the D DAC module. 

NOTfii; Both the -10 volt reference adjustment and the 
p DA<2 ^djus^ have a larger effect on long lines 

than on short lines. Since the vector length 
• adjustment has the same effect on long and short 
lines, favorable results may be obtained by going 
back and forth between these adjustments. However, 
it must be remembered that there are some non- 
liheaJ?ities in the system with regard to line lengths 
and.it is nearly impossible to achieve perfect results 
over: the entire range. 

3. With PPion a 0 , observe the horizontal vector 
lengths. If lengths do not meet the intensified 
poiri.ts adjust A3170-P1 for X Gain. This pot allows 

j,' , you to set X Vector lengths to Y Vector lengths. 

Display Phase Check and Adjustment 
: The VTi5/yT6,4' system is sensitive to circuit delays and 
. circuit throughput .time. For this reason care is taken 

to make Surev^that the X and Y deflection signals leave the 
5 VT15 logic in the exact correct time relation to each other. 

This time relationship is termed "phase". 

Since the coax cables that connect the VT15 to the VT04 may 
.introduce a phase change between the X and Y analog signals. 
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a variable resistance terminator is used at the end of one 
of these cables. The end of the other cable will have the 
standard 100 ohms terminator. The throughput time of the 
variable terminated cable may be changed by adjusting the 
terminator. In this way the phase of the X and Y cables 
may be corrected. 


Before adjusting the variable terminator check the phase of 

the display oscilloscope as follows: 

A. Turn the intensity on the Kratos display to minimum 
(fully counterclockwise) and remove power from the 
display chassis. 

B. Unplug the X input BNC connector at the display chassis. 

C. Using a lead with alligator clip terminations, (not 
longer than 3 inches) jumper the X and Y inputs under 
the chassis where the BNC connectors are soldered to 
wires leading to the amplifier. 

D. Load and start Little Pictures Test 2 (Phase). 

E. Apply power to the Kratos and slowly turn up the 
intensity, being careful not to burn any spots on the 
phosphor . 

F. The display should be a diagonal line of varying 
intensity. If the Kratos is not properly phased the 
display will appear as tv.'o lines touching at each end, 
but separating noticeably over some part of their length. 
Should there be a gap, observe this picture and adjust 
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the pot on the preamplifier of the Kratos unit until 
there is no gap. Non-linearities may show up at the 
end points of the lines which will show up in all 
adjustment tests concerning phasing. 

Turn the intensity on the Kratos to minimum and remove 
powet from it. 

Remove the jumper between X and Y inputs and reconnect 
the X input. 


7.5 Variable Terminator Adjustment 

- '//'■Af Shutdown the system and remove the Y output coax 

termipoint on pin B14V2 and connect the termipoint 
; to pin A14V2 using a lead with alligator clips (not 

longer than 2 inches) . 

-B. Select routing 2(g) (Vector Curvature) of the Little 

Pictures diagnostic and observe the large diagonal line 
display. This diagonal line is made up of two crosses, 


other. If any part of the superimposed lines of the 
cross separate much more than a line width, then adjust 
the variable terminator as necessary. 

1. Put the variable terminator at the end of the X coax 
cable and leave the standard 100 ohm terminator on 





the coa:: cable. 

2. Adjust the variable terminator until the super- 
imposed lines line up on top of each other. 

3. Remove the variable terminator and meter its 
resistance. If it is over 100 ohms, then swap it 
with the Y axis terminator and readjust it as de- 
scribed in 2 above. Again, meter the resistance 
value. It must be between 50 and 100 ohms. Other- 
wise there is a problem elsewhere in the system. 

C. Shutdown system and replace the Y output coax back to 

B14V2. 


7.6 Vector Time Verification 

A. Select Test 16^gjin Little Pictures Test, 
n. Place oscillosco; e channel A to 1 volt per cm on pin 
A17B1. Sync external positive with sync probe to pin 
E31B1. Set time base to 5 microseconds per centimeter. 
C. You are observing a full scale vector being executed. 
The time verification should be as shown below; 
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8.0 ANALOG VECTORING ADJUSTMENTS 


8.1 Set Up of Brightness Levels 

A. Select Little Pictures Test 5^^^ 

B. Set the 0 level of intensity so that it is just bareily 
visible. 

NOTE; Use of Push Buttons on CRT console for selecting 
individual test apd subtest is recommended. They are 
decoded as follows with the AC switch 03 on the PDP15 
console selected to a 1 position, 


AC 

Switch 


, AC 
Switch 
■ 01 - 


AC AC AC AC 

awitcli [switch SwitcH Switcl: 


The only subpictura not possible to select is the vertical 
phosphor test, which is selectable by setting the PDP15 AC 
switch 02 to a one position. 

Be sure when setting Brightness of the CRT that you do 
it in the environment of ambient light that the customer 
will be frequently using. This will help in adjusting 
the CRT for best quality. 

8.2 Output Offset Adjustment 

A. select Little Pictures Test 2^^^ 

B. Observe the box at top center. Turn the A3170-P3 Pot 
and converge the six vertical linos to two lines. 
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so as not to confuse the convergence of these lines. 


Do not bother observing ' the large X convergence at this 
point. 


Turn pot A3170-I2 while observing that the 45° box 
will converge from 2 lines on each side to one. If 
the lines are not converaing set the pot back fully 
counter-clockwise. Then turn pot A3170-F4 to converge 
the lines to one on each side ot the box. 

If there is a need to uct more speed throughput in the 
A3170 you can turn one of the two pots clockwise a 
number of times. Tlien correct the out of phase 45° box 
by turning the other pot clockwise until line converg- 
ence occurs once again. 


NOTE: By turning either pot to far clockwise, the starting 

point of the intensified vector will move off its true 
position as an offset in the same axis as the vector is 
being generated. This can be easily noticed by observing 
the upper box starting positions. 


E. Observe the large X in Test 2^gj. The X may look 
double visioned. If so, turn the pot A3170-P1 (the 
X Gain pot) so that the doubled X converges to one. 

NOTE: If you cannot get a perfect large X and you have 

tuned in the iwo boxes your possible problems may be as 
follows : 
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a) Set A3170-P1 (X Gain) so that the large X looks 


like this if possible; 


(somewhat exaggerated) 


This means that the phase of the CRT when 
drawing from the positive of the X amplifier 
and the negative of the Y amplifier or vice- 
versa is in phase error. This would mean that 
the preamplifier in the CRT could be in error. 
Be sure to run tests in section 8.7 before 
accepting error to be in preamp. 

Otherwise the preamp should be replaced. 


X 


^ndpoint curve) 
Y Axis Problem. 


%1 

X 


X Axis Problem 


This would mean most likely that an op-amp 
reaches its limit in linearity; that possibly 
the A140 has net received ECO#A140-0003 . If 
you change the position pots of the CRT display 
and the lines straighten out, the CRT preamplifier 
or power amplifier is in error. 
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8.4 Tuning of Vector Lengths nnd Intensity Turn On 

A. Select Test of Little Pictures Test. 

B. Set PBl to a one. This will give you a number of 

different size squares on the screen. Sizes 7, 17, 20, 
37, 47,77, 177, , and 1000 octal line lengths. They 

are drawn counter-clockwise. 

C. Observe starting points of lines. They should have a 
bright spot because the A3180-P1 is fully counter- 
clockwise. Turn this pot clockwise until the spot 
becomes equal in intensity as the rest of the line. 


If you turn the pot some more you will observe that 
the starting point of the vector will move off its 
true position, as shovm below. Arrows show direction 
of vector being drawn. 



Bright Spot Correct Positioning True 


Starting Point 
Not Correct 


NOTE: A brighter spot may occur when the two lines overlap 

each other. Keep this in mind when setting up the intensity 


starting point. If necessary, turn the A3180-P2 (Vector 


length control) pot so the end of 

the 

vector appears as 
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shown above. 


The fact that you cannot accomplish true position start 
up may be due to the offset controls A3170-P3 and P5 not 
set accurately enough, or the MDAC phase adjustments A3170-P2 
and P4 are producing a positive from 0 volts starting 
position. 

D. Observe end points of lines. Especially lines on 

smaller boxes because they are the same vector lengths 
that generate characters. 


Turn pot A3180-P2 so that the lines overlap the 
starting points of the next lines as shown below. 
Arrow shows direction of line being drawn. 



8.5 Character Fine Tuning 

A. 1. Select Test 16(g) lengthen the vector length 

so that characters will look squared up as so. Pick 
this character from somewhere in the middle of the 


bottom of the screen. 



Overshoot 


Correct 


V 

Undershoot 
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2. If you cannot accomplish this it is possible you 
have not set another pot correctly. It may 
look like this: 


y 


This would be a problem similar to paragraph 
8 . 4 , step C. Please refer to it. 

3. Another phenomenon would be for the character to 
look like this; 





This could mean that the X and Y output offsets 
A3170-P3 and P5 are not set accurately. They are 
producing here bad starting in the X axis on 1 and 
bad starting in the Y axis on 2. 

At this point all characters should be looked at for 


best quality in Test 16 


Vector length and Intensity 


delay should be moved so as to satisfy overall quality. 
The one error that may show up when everything else looks 
good is in Cither character may show up as follows: 


Overshoot 


.Overshoot 


This occurs due to unlinearity in the start up of the 
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3. The reaction of this start up of the vector outputs 
v/ill correct most CRT def f icicncios. 


/ slow I 
.start I 

. y 


BEFORE 


AFTER 


B.6 Character Speed Verification vs Quality 

A. Place oscilloscope channel A to 1 volt per cm. on pin 
E31S1 (character Input H) and Sync, internal positive 
to Channel A. Set time base to .1 millisecond per 
centimeter. 

B. Select Test 16 of Little Pictures Test. Observe 

( 8 ) 

t-ie time that Channel A remains high (/x/lV) . It has 
to be less than 660 microseconds. This time is produced 
by a. sentence structured in the test. It says, "The 
little brown fox jumped over the lazy dog." 

The time for execution of each character averaged out is 
660 44 characters = 12 microseconds. 

C. This time can be increased by two methods. Both involve 
eventually decreasing quality in the characters. 

1. Bv turning the Dots A3170-P2 and P4 clockwise being 
careful for phase adjustment and non-true position 
start up of vectors. To avoid redundancy I refer you 
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to paragraph 8.3 Section D. 

2. By lowering the delay (Start Gen.L) ; 

a) First select the Directory, Test 0 

( 8 ) 

b) Choose the line 

0010 = OCTOGONS OR SQUARES 

c) Turn the top potentiometer clockwise or count- 
er- clockwise in slot A22 while observing the 
tops of the characters; scanning from character 
to character. 

When the tops of these characters begin to look 
like they are waivering , back off with the pot 
until they are normal once again. This problem 
occurs due to the limitation of the position DAC's 
settling times. 

8.7 Closer Observation of Vector Gain Versus Phase Errors 

While observing lines of different vector lengths, for ' 

example in Test 13(0) or 3^gj with the push button PBl 
on a one, you may observe errors such as below: 
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These are possible errors of positive going vectors versus 
negative going vectors. These errors will deteriorate 
square looking larger boxes as well as the quality of the 
Large X in Test [Refer to section 8.3 E(a) which 

is effected by this error] . 


In order to help observe these errors more closely, two 
display files have been generated. They were generated 
in MACRO so as to allow one to generate a papertape from 
it, if so desired. The nne:nonics for the file is as 
follows with the program following it. 


7030J04 

703001 

203020 

215252 

220004 

144000 

140000 

400000 

402000 

404000 

406000 

410000 

412000 

At A anK/j: 
•« •tjujuyi 

416000 

600000 

204000 

020000 

750004 
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LSD=703004 

SDSF=703001 

PAR1=203020 

PAR2=215252 

PAR3=220004 

PX=144000 

PY=140000 

V0=400000 

Vl=402000 

V2=404000 

V3=406000 

V4=4 10000 

V5=412000 

AT M ft ft 

V 0=4 

V7=416000 
DJMP=600000 
DSTOP=204000 
INT=020000 
LA S= 7 5000 4 


DEC FORM NO DEC I6-|3B1|-1022-HM370 47 

DRA108 SHEET -3 9 OF __ 


ENGINEERING SPECIFICATION BBBHM continuation sheet 


TITLE 

VTl 

5 SVriTMM 

‘MMIlSTMi;:;'!’ I'ROCI 


1 

10200 



.LOG 10200 

10200 

750004 

START 

LAS 

10201 

741100 


SPA 

10202 

610210 


JMP STR 

10203 

210272 


LAC (ADDl) 

10204 

703004 

DO 

LSD 

10205 

703001 


SDSF 

10206 

610205 


JMP . -1 

10207 

610200 


JMP START 

10210 

210273 

STR 

LAC (ADD0) 

10211 

610204 


JMP DO 

10212 

203020 

ADD0 

PARI 

10213 

215252 


PAR2 

10214 

220004 


PAR3 

10215 

144377 


PX1377 

10216 

140777 


PY1777 

10217 

421000 


V011000IINT 

10220 

404010 


V2110 

10221 

431000 


V41100011NT 

10222 

144777 


PX1777 

10223 

140377 


PY1377 

10224 

425000 


V21100011NT 

10225 

400010 


V0U0 

10226 

435000 


V6I1000IINT 

10227 

144377 


PXI377 

10230 

140377 


PY1377 

10231 

421000 


V0 11000 LINT 

10232 

425000 


V211000IINT 

10233 

431000 


V4I1000IINT 

10'234 

435000 


V6110001INT 

10235 

204000 


DSTOP 

1023 6 

203020 

ADDl 

PARI 

10237 

215252 


PAR2 

10240 

2T0004 


PAR3 

10241 

144000 


PX 

10242 

140000 


PY 

10243 

423777 


V1117771INT 

10244 

433777 


V5117771INT 

10245 

145777 


PX11777 

10246 

140000 


PY 

10247 

427777 


V3il777!lNT 

10250 

437777 


V711777IINT 

10251 

144377 


PX1377 

10252 

140357 


PY1357 

10253 

423000 


V1110001INT 

10254 

433000 


V5U0001INT 

10255 

145377 


PX11377 

10256 

140357 


PYI357 

10257 

427000 


V3I1000! INT 
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10260 

437000 

V7 1 1000 1 INT 

10261 

144730 

PXI730 

10262 

141050 

PY11050 

10263 

422100 

VI 1100! INT 

10264 

432100 

V5 1100 1 INT 

10265 

145050 

PX 11050 

10266 

141050 

PY11050 

10267 

426100 

V3 1100! INT 

10270 

436100 

V7 1100! INT 

10271 

204000 

DSTOP 


000000 

.END 

10272 

010236 *L 


10273 

010212 *L 
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A. Figure 8.7.1 is on the screen when one starts the program 
at location 10200 with the AC switch 00 on a zero. 

This picture allows one to reference a perpendicular 
line against the end point of a 1000 unit vector. 
Caution must be observ'ed that the starting positions 
of the opposite polarity lines are equal. The error 
you will find here is increased as the vector lengths 
are made longer and decreased as the vector lengths 
are made shorter. There are three possible problems 
that can produce this symptom. 

a. The A140 in that axis has unequal output waveform 
in positive to negative throughput. One easy 
way to check this is to switch the Al40's axis. 

b. The A238 may be showing unequal gain entering the 
positive side compared to the negative side of 
the LM318 amplifier. In this case it is possible to 
retriru the amplifier by changing the value of the 
resistor Rzlin the X axis and RItin the Y axis . 
Instructions are if the negative vector is shorter 
than the positive vector decrease the R value by 
approximately 75 to lOOK ohms. If the opposite 
vector errors occur than increase the R value by 
approximately 200K ohms. 
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c. The CRT can exhibit unlinearities as the vector 
is being drawn towards one end of the screen. A 
vector may start at true position because the CRT 
has been given time to catch up with the normal 
display file latencies. 

By moving the total picture with the position pots 
around the screen one can observe how the scope 
remains linear with position sensitivity. Increas- 
ing the Gain pots and moving the picture around 
will force the scope to work harder. Possibly 
showing up its inability to slew linearly-. Observe 
though that the actual error will increase with the 
gains increased. 

Preamplifier and power amplifier stages have possibly 
been strained by some previous catastrophie . This 
test will show it up. Power transistor emitter 
balancing resistors could also have changed their 
values which would effect this type of problem. 

B. Figure 8.7.2 is on the screen when one starts the program 
at location 10200 with the AC switch 00 on a one. 

This picture allows one to accurately check if vectors 
drawn of different lengths in X pattern will show up 
any out of phase conditions. Possible errors can occur 
as follows: 
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a. Figure 8.7.2 has a gain error. The largest 
diagonal lines (3,4) will not match but cross 
each other towards the center. Lines (7,8) will 
show smaller errors. No e.rror in lines in (11,12). 

b. 100 unit vectors are out of phase, while others 
are in phase. Start up unlinearity in vectors; 
offsets the small vector phase accuracy making it 
look like a simple adjustment of phase pot 
necessary. If adjustment is made large vectors 
will be out of phase. 

This is usually due to a bad preamplifier in the 
CRT. If not so the problem should be scoped out. 

c. End points of vectors not meeting. This problem is 
mentioned in section 8.3.E(b) please refer to it 
for the case of the Al40's. 

This problem can also be in the CRT as mentioned 
in section 8.7.A(c). Please use those directions for 
this picture. 

d. Lines waiver in and out of phase during their slew 
across the screen. This would mean that the 
vector being drawn is either exhibiting linearity 
limitations in the CRT, or an oscillation has been 
surperimposed on the waveform. 
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If there is unlinearity limitations or superimposition 
it must be scoped out and the bad amplifier must be 
replaced. Super imposition can sometimes be due to 
queer effects of the AC ground terminator (figure 2.1) 
in the rear of the CRT. Bad ground shielding on the 
coax cables can also exhibit this problem. 
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1.0 GENERAL 

The need for this option arises out of the inability of the basic 
systen to draw vectors in more than the normal eight directions 
in hardware. Previously, if a "non-basic" vector was desired, a 
software algorithm was required to simulate that vector by a seri( 
of basic vector commands. This tends to be very inefficient from 
a cere usage and time of execution standpoint. For example, a 
22.5“ vector would take 512 basic vector instructions whereas by 
using the Wl5 option only two are required. Addition of the Wl! 
option however, does slow down execution of basic vectors and 
characters due to the longer overhead of the option. 

The Graphic 15 with the cuo.ltrary vector option (W15) installed 
' are shown below: 


Character* 

15us AVE 

Long Vector t 


17s Units 

20g 

lOOg 

400b 

17778 

14ys MAX 
18ys MAX 
19vis MAX 
26ys MAX 
50ys MAX 

♦Execution time of "The quick brown fox jiimps 
over the lazy dog.," in Character Input Mode/44 
characters. 

•♦■Execution time of 10 vectors including 
I/O Latency with the I/O loading delay (C16T2) 
adiusted to .3us, divided by 10. 


Further, since the arbitrary vector data requires two PDP-15 
words, the vector execution requires two fetches from the PDP-15 
memory and therefore extends the time of execution. In essence, 
this r.ean.*^ the double buffering action of the VT15 on basic vecto 
is not available on arbitrary vectors. 

2.0 THEORY OF OPERATION 


The W15 option • consists of two modules. The first, the M7010,is 
concerned with routing the data from the DB (data buffer) and IB 
(input buffer) through to the proper registers, in the proper se- 
quence, depending on the instruction (long or short arbitrary vec 
tor). The second, the A317, is analog in nature and takes its 
inputs from the jMIS. 0 and the existing basic vector generator, and 
modifies the slope of the output ramp to reflect the given vector 
ccrumar.d. A general theory of operation of each board and a over- 
all system viev; v;ill follow. 
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3.0 M7010 

The M7010 consists of the following logical groups. An input 
data multiplexer, two - 10 bit registers, a timing chain, magnitude 
comparator, and gated output circuits (see Figure 1) , 

The 8263 input multiplexers are connected to the input buffer, 
data buffer, and the outputs of thexiX and/iY holding registers 
(8202) mounted on the M7010. The function of the multiplexer is 
to take the data from the IB and DB and gate it into the X and Y 
register. The data is unpacked in. format according to the actual 
instruction being executed. For example, if the instruction is a 
long arbitrary vector (two - 18 bit words) then the DB register is 
gated through to the/J X and the IB gated to the/|Y holding registers. 
Should the instruction be a short arbitrary vector, then the proper 
bits of the DB are routed into the X and Y registers. Upon a "go 
pulse" from the main VT timing the registers are loaded and the 
8263 's are set up for the shift left operation. In order to draw 
at an approximately constant rate on the screen, the vectors must 
be scaled up proportionately. The most significant bit of the X 
and Y registers is examined for a logical one. VOien this bit is 
found shifting stops, and a "START GEN" is given causing the start 
of the actual drawing process. The last state of the 8263 multi- 
plexer is that of "all ones", where each, output is a logical one. 

This occurs whenever an instruction 10 or 30 is not being processed. 

The 8202 ten bit registers hold the X and *Y Slope information 
and are directly connected to the Multiplying Digital-to-Analog 
Converters (MDAC) located on the A3 17 module. 

Before shifting, the SN7485 magnitude comparators sense the 
larger value of the two values of/3 X and/^Y slopes and sets a FET 
switch located on the A317 as well as gate the larger value into the 
DR Register at the proper time. 

The timing consists of a 250 NS delay line where a pulse is 
put in one end. Timing sequencing occurs as the pulse travels down 
the line, and is reshaped and recycled if a logical one is not sensed 
in the MSB position of either the X or Y 8202 register. 

The output gating circuitry connects the X Register, the Y 
Register, and the larger of the two, to the DR Register at the 
appropriate times. 
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A3170 

Tlio A3170 consists of distinct sections; 

1. Two multiplying digital— to— analog convortcrs (MDACS) , 

and associated ampli tiers. 


2. Magnitude controlled feedback switches. 

Each of the two MDACS receive 10 bits of digital slope informa- 

tion from the M70J0 oiodule. The beelo ran.p ie brought Into tlrn Mm 

and buffered by two DEC 310 voltage followers (see Figure 2) The 
output of the followers drive the reference input of the MDACS. in 
addition, an offset adjustment is provided at the MDAC referonse 
input to bias up the MDAC input for phase relationship between'x and y. 

^e output of the MDAC is a current that is converted to a voltage 

® polarity and magnitude by the output op-amps (LM318) . 

An offset adjustment is provided for in both X and Y, and a gain 
trim for the X output. Slope modification is performed by the MDAC* 
whereas the output is equal to the reference input times the 10 bit 
digital input word. in other words, the MDAC is digitally adjustable 
variable gain follower where MAX gain is equal to all ones at the 
digital input and zero gain is equal to all zeros at the digital input. 
At maximum gain the amplification through the MDAC chain is 1/2. 


The output of the MDACS are fed-back to two FETS driven by the 
"greater than" output of the M7010. if x is > than Y; X is fed-back 
to the A3180 comparator otherwise Y is fed-back. 

The maximum gain (MDAC inputs all ones) from the input of the LM310 
to the output of the LM318 is one half. Therefore, addition of the 
Arbitrary vector option to the VT15 system will require that the ramp 
output of the A3180module (input to the A3l70)will have to ramp to 

voltage to reach the final compare value on the output of the 
A3170. To compensate for the doubling of the execution time which this 
would cause and the system non linearities which this would show, the 
ramp speed is automatically doubled in the A3180 module 
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4.0 (Continued) 

Adjustment of the input ramp's slope is necessary due to the CRT 
monitor's sensitivity to vector speed. For example, if a vector of 
X = Y = 10000 units were to be drawn in the arbitrary vector mode, 
the "normalization" sequence would leave the,A3170 adjusted for half 
gain. This would mean the vectors would be drawn at half the speed of 
maximum comparable basic vectors. Under these conditions the length 
of the lines would be longer than the same basic vectors due to non- 
linearities in the CRT monitor performance. To compensate for this 
problem, the A3180 provides a ten bit DAC which monitors the 
major axis normalized binary number and corrects the speed of the 
integrator. As an example of the correction, if the above example 
were executed the DAC would return a voltage sufficient to double 
the ramp speed thereby overcoming the one-half gain of the MDAC. 

The arbitrary and basic vectors would now be drawn in about the 
same time. 

Arbitrary vectors cannot be rotated using the rotate bit of parameter 

2 . 
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5«1 Arbitrary Long Vector 

IVhen an instruction 10 is brought into the data buffer 
(DB) and decoded, initiation of the instruction is delayec 
until the second word is received into the input buffer 
(IB) . Upon receipt of the second word the follov;ino tim- 
ing sequence occurs : 

Time State 1: 1) increment PC 

MSOl + ISOus 2) Db 8-17 to the2iX holding reaister 

MSOl + CLK 3) Ax holding register into DR register 

Time State 2: 1) Add DR to X position reaister , ib 8-17 

to the/iY holding register 

Time State 2A: 1) ay holding register to DR register 
Time State 3: 1) add DR to Y position register 

MS03 + 150ns: 1) Compare\dX and ^Y slope values 

Mcn-J 4 . ?! component to DR register 

MS03 + 250ns: 1) DR register to D DAC 

2) begin normalization 

The "arbitrary go" pulse initiates the M 7010 internal 

holding reaisters on 

the M7010 module are shifted together until a logical 
1 IS sensed at the MSB position of either register. 

AX«AY=0 is not allowed in 
. mode 10 and mode 30 instructions . 

At time a start pulse is initiated by the M7010 

to the control circuitry associated with the analoa 
generator. 


The pulse drives a 500ns delay and supplies the time 
delay necessary for the multiplying DAC’s setting 
before moving the reference input. 


At the termination of this delay time a pulse sets the 
generator start flip-flop and the ramp generator begins. 




Previously, signals to determine which component, 4 X or ziY, is 
greater sets the comparator multiplex switches. 


BEFORE the input ramp goes from zero to its proper level, the MDAC's 
modify its slope according to their "normalized" inputs. The greater 
of these output slopes is returned via the comparator multiplexer to 
the magnitude comparator on the A3I80 where it is compared for equality 
with the/lDAC, as well as being summed at the A238 for line drawing on 
the CRT monitor. 


When comparison is reached the MIP flip-flop goes to zero, termin- 
ating the vector and recycling the mode if the repeat register is not 
zero, or going on to the next instruction if it is. 


5.2 Arbitrary Short Vector 


This mode operates essentially the same as the Arbitrary Long 
Vector mode with the exception of eliminating two requests on the I/O 
bus before initiating the mode. Since, both vector components are 
contained within one instruction word, only a single pass at the memory 
is required. Usually the vector will be in the Data Buffer when 
desired due to the double buffering action of the VT15. 
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Prograiiiining 


Two instructions are added to the Graphic 15 repertoire as part 
of the W15 option - Arbitrary Long Vector and Arbitrary Short 
Vector. 


6.1 

Arbitrary Long 
0 12 3 

Vector 

4 

1st 

word 

0 

I 

0 1 0 

i 

INT=1 


0 

12 3 

4 

2nd 

word 

0 

0 1 0 



+ = o: 

- = i: 


+ = 0 
- = 1 


10 Bits AX 


10 Bits AY 


The long vector instruction requires two PDP-15 words for de- 
finition. The first word defines the AX component (bits 8 
through 17), its relative direction (right = 0, left = 1, bit 6), 
whether the full vector is intensified (bit 4=1) or blanked 
(bit 4=0) and has the option to enable the light pen for this 
vector (bit 5 = 1) . The second word contains the AY component 
(bits 8 through 17), and its relative direction (bit 6 = 0 is up, 
bit 6 = 1: is down). Order codes for both words are 10 g as shown. 
Restrictions to this mode are that both words must be present to 
properly execute the vector and that the condition of AX = AY = 0 
(zero) is illegal. Under the conditions of AX = AY = 0, the VT15 
will hang in an endless "normalization" loop. 


Arbitrary Short Vector 


INT 

ENA=1 


11 12 13 




The arbitrary short vector is very similar to the long vector 
with the exception of both AX and AY components being defined 
within one PDP-15 word. This gives the advantage of both compact 
core usage and more efficient bus timing (double buffering is in 
effect for short vector instructions) , but allows only short 
vectors to be drawn (up to 37 raster units). Ho^^7ever, by 
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using the scaling register longer effective vectors may be drawn. 
The definition of the bit functions are the same as long vector. 

Both modes draw in relative format, that is the start point in 
from the present position on the screen and moves to an end 
position equal to X INITIAL+ AX, YinitIAL + shown below. 


START 
X, Y 


END 

X + AX, Y + AY 


In addition, care must be taken not to allow the condition of 
AX = AY = 0 to occur in either Arbitrary Long or Short Vector 
modes. A zero length vector maybe defined in the basic vector 
modes. ALSO SEE PAR- S,3.l. 

6.3 PROGRAMMING RESTRICTIONS 

6.3.1 ZERO LENGTH VECTOR 

X = Y = 0 is not allowed and will cause the VT15 to hang in an 
endless normalization loop. Zero length vectors may be specified in 
the basic vector modes. OPTION ECO ^ M70I0-OOOO3 WILL ALLOW THE VVI5 
TO ACCEPT ZERO LENGTH VECTORS. 

6.3.2 ROTATE; 

Arbitrary vectors must not be rotated. Care must be taken to 
clear the rotate flip-flop before entering arbitrary vector modes. 

7.0 ADJUSTMENT PROCEDURE 

The adjustment procedure is covered in detail in "VT15 system 
adjustment procedure" A-SP-VT15-0-5 I . 
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this schematic is furnished only for test and maintenance purposes, the 

CIRCUITS ARE PROPRIETARY IN NATURE AND SHOULD BE TREATED ACCORDINGLY. 
copyright 1969 BY DIGITAL EQUIPMENT CORPORATION 
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